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Abstract 
This year the scientific community celebrates the 150th anniversary of the birth of the greatest Russian scientist, the 
founder of geochemistry, and in addition, known for biogeochemistry and studies about the history of natural waters 
and modern hydrogeochemistry. Due to this anniversary date, the development of ideas on the role of interactions of 
water with rocks, gases, and organic matter in creation of the surrounding world is analyzed in this article. It is shown 
that especially considerable successes are reached in studying water-rock systems that play a special role in the global 
evolution of the entire world surrounding us. 
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1. Introduction 
In 1933-1936 V.I. Vernadsky wrote and published the book "The History of natural waters" in which 
formulated bases of modern hydrogeochemistry and opened a water role in development of surrounding 
world, including the lithosphere, the biosphere and the hydrosphere. This book is unique in the depth of 
its penetration into the mysteries of the hydrosphere, and no other work in the world's science sphere can 
approach it in the concentration of ideas. The width and depth of the problems that were addressed in it 
are astounding and still not fully comprehended. They were concerned with the geology of water, 
interaction of natural waters with living matter, and the special role of water in the origin and 
development of life, the environment, and the whole Earth. 
It is therefore impossible to describe in a paper Vernadsky's doctrine on water geochemistry in full 
detail. We highlight here only one aspect of his studies that is the role of the system water-rock-gas-
organic matter in environment evolution, the system that is a subject of discussion on this symposium. 
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Note, first of all, that Vernadsky emphasized the exceptional importance of water as a hydrogen-
bearing mineral. He wrote that, "Water has a special place in the history of our planet. There is no natural 
body that could be compared with water in its influence on the course of most important geologic 
processes. There is no terrestrial material — mineral, rock, or living body — that does not include it. All 
terrestrial materials are penetrated and enclosed by water owing to its intrinsic partial forces, vaporous 
state, and ubiquity in the upper part of the planet" [1, p.20]. This quotation presents one of the most 
profound ideas of Vernadsky, which must be regarded as a postulate on the special role of water on our 
planet [2, 3]. Vernadsky was the first-ever who showed that the system water-rock-gas-organic matter 
plays the main role in development of the world around. Thus the base role is played by dynamic 
equilibrium, which "always exists changing quantitatively as long as the solution exists". In connection to 
this, he distinguished two states of solutions: (1) solutions in prolonged stable equilibrium and (2) 
solutions "in the stage of fading, increasing concentration, and enhanced precipitation of solid 
components" [1, p. 156, 157]. The former state passes into the latter during geologic time, which leads 
historically and geologically to fading, i.e., the loss of solutions and formation of solid compounds. 
2. Water-rock interaction 
The investigations of recent years have demonstrated that the character of physicochemical 
equilibrium between ground water and rocks is much more complicated than it was thought during the 
work of Vernadsky. It was recently demonstrated that the water-rock system shows equilibrium-non-
equilibrium relations in all, without exceptions, parts of the Earth's crust: a water solution is always in 
disequilibrium with particular magmatic or metamorphic minerals, but simultaneously in equilibrium with 
a certain set of secondary mineral phases. This circumstance is responsible for the capacity of water to 
continuously dissolve certain minerals and form new secondary products and, which is no less important, 
various geochemical types of water strictly associating with the type of a secondary mineral. 
Consequently, we deal with an intrinsically contradictory system capable of spontaneous, continuous, and 
geologically prolonged development with the formation of various secondary solid and liquid minerals. 
This is the essence of one of the major geologic phenomena on the planet, which predetermined the 
character or tremendous processes of lithogenesis, ore formation, chemical evolution of the hydrosphere, 
origin of life, etc. [4]. 
Earlier it was shown that the water-rock system has a number of unique properties and capacities, 
many of which were later adopted by living systems. This aspect of the problem is of special significance 
for the understanding of j many new sides of the interaction between the living and nonliving systems, 
interaction of the biosphere with the lithosphere and hydrosphere, and revealing the essence of the 
directed evolution of nonliving materials and its relation to the evolution of living matter, i.e., for I the 
solution of many problems that were brilliantly formulated by Vernadsky. 
Water interaction with aluminosilicates is accompanied by decomposition and synthesis of molecular 
water. Such processes attracted much attention from Vernadsky. In particular, he noted: "Both processes, 
synthesis and decomposition, occur continuously and regularly; since they occur in various geospheres 
and in very diverse ways, it should be thought that these reactions must play a profound role in the Earth's 
crust" [1, p. 181]. These ideas of Vernadsky have been further developed. It was demonstrated that these 
processes have a strictly directed character and are related to continuous water-rock interactions [2]. 
The geochemical cycle of water begins in the hyper-genesis zone at the moment when precipitation 
penetrates into rocks and ends when regenerated water is returned to the surface. Already during the first 
stage of the water-rock interaction, the two components of water, hydrogen and oxygen ions, are 
separated and fixed into different solid phases: clays and carbonates through the reaction: 
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Fig. 1. Evolution of the water-rock system from the point 
of view of synergetics. The initial evolution of system (I) 
at critical points גa, גb and גc becomes unstable (I’, I’’, I’’’) 
and changes direction along the lines A, B, C that are more 
stable in this environment. 
primary aluminosilicates + H2O + CO2  clays + carbonates.   (1) 
Clays with unaltered aluminosilicate fragments formed on continents are eventually transported into 
sedimentation basins, where they are deposited and fix great amounts of water. Under the influence of the 
double electric layer and surface tension, this water changes its thermodynamic properties promoting the 
development of protonation processes, i.e., ion decomposition of water with formation of H2S, CH4, NH3, 
and CO2. 
During a later stage, when metamorphic processes begin, the above reaction is changed by a reverse 
one: water synthesis occurs instead of decomposition. Regenerated waters formed under such conditions 
are saturated in carbon dioxide; they ascend along permeable zones, interact with the country rocks, and 
begin a new cycle, which is probably responsible for the formation of the majority of hydrothermally 
altered rocks and associating mineral deposits, as well as the existence of hydrothermal systems 
themselves. 
The hypothesis of the decomposition of tremendous amounts of water was recently supported by S.R. 
Krainov and B.N. Ryzhenko by the thermodynamic modelling of geochemical processes in the water-
granite system. They demonstrated that "an increase in the mineralization of the aqueous phase in the 
deep zones of crystalline massifs is explained by a decrease in the amount of H2O molecules in the 
aqueous phase and corresponding concentration of this phase" [5]. 
In the water-rock system, Prigogine’s principle works, according to which stationary nonequilibrium 
states with a high degree of order may emerge in open systems that receive energy from the external 
environment [6]. According to this principle, the evolution of the water-rock system may be presented 
graphically (Fig.). The strictly directed evolution of the water composition leads to the emergence of new 
daughter systems in bifurcation points; each of these daughter systems is more complex than the previous 
one. The control parameter here is the water composition, and the thermodynamic variable is the constant 
of dissolution reactions. In other words, in the system under consideration, there are two types of 
evolution: the first, smooth and continual, is in the water solution; and the second, discrete and 
spasmodic, is within the solid phase. 
Among most important products of the evolutionary development of the water-rock system are clay 
minerals (kaolinite, illite, montmorillonite, and so on), which contain a huge (up to 40 wt %) amount of 
physically bound water, characterized by much higher values of free energy of formation than water in 
volume [7]. The closer water is to the surface of a clay material, the higher the energy. This phenomenon 
is similar to the one that takes place with water in a volume as water is heated. Only the Sun may be a 
source of the energy of physically bound waters. 
Consequently, clays, in binding a large amount of 
water in the process of their formation, 
simultaneously transfer it to a higher energy level 
and become carriers of huge amounts of 
accumulated solar energy reserves. Already 
before the emergence of photosynthesis, nature 
had learned how to accumulate solar energy and, 
respectively, to decrease the entropy of the newly 
formed abiogenic system; consequently, it can 
direct development not to chaos but to order, i.e., 
to the complication of emerging systems, 
progressive self-organization, and the formation of 
abiogenic dissipative structures [8]. 
The unidirectional and stable development of 
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the system under consideration determines another fundamental property: the integrity and stability of the 
new solid phase. It emerges under equilibrium with the environment and water solution and in harmony 
with the latter's structure in places where the solution reaches equilibrium with the new formation. 
Coherent bonds appear, and a coherent structure develops in this place. Each new portion of water, which 
reaches places where nucleation processes take place, is saturated for the new mineral and forms rather 
than dissolves it. Hence, despite the fact that each new portion of water, which enters the formed 
secondary material as a result of circulation, can partly dissolve it, its volume always grows in time at the 
expense of a larger scale dissolution of endogenous rocks, with which water interacts for a much longer 
period. In his time, Vernadsky believed that the annexation of space was a function of new matter only; it 
turns out, however, that nonliving matter also has this property. 
The nonequilibrium of water with endogenous rocks and the continuity of the interaction ensure a 
constant and sustainable transfer of chemical elements to the water solution. Analyzing the facts makes it 
possible to conclude the following: the longer the interaction in the water-rock system, the more chemical 
elements are in the solution, the more secondary products and geochemical types of water are formed, and 
the larger the scale of evolution. Consequently, the most important factor of evolution is the time of 
interaction. As it increases, the concentration of chemical elements grows, even if at different velocities, 
which is well known in hydrogeology. 
3. Conclusions 
Vernadsky is not only the founder of hydrogeochemistry, but also the author of the concept of the 
geology of water and its geologic activity, which is based on the evolutionary development of the water-
rock-gas-organic matter system and the special role of water as the most important component (medium) 
of the environment. The main directions of this concept have been successfully developed. Modern 
science, using the newest methods of researches, considerably expanded the idea of evolution of this 
system. It is established that, as soon as water appeared on the earth, there emerged an unusual open 
stationary system that has a number of fundamental mechanisms of interaction, which define it as a 
unique abiogenic system on our planet. The abiogenic water-rock system has various fundamental 
mechanisms of interaction and evolution, the majority or, perhaps, all of which are amazingly repeated in 
living systems. All this creates new scientific base for solution of the greatest problem of natural sciences 
– life origins. 
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